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This laboratory has developed a procecdure for extracorporeal perfusion
without administration of anticoagulants. The present study was designed to
determine extra- and intracorporeal requirements for the development of the
incoagulable state, to investigate the biologic stability of the perfusion
system, and to better define the nature of the hypocoagulable state. Anes-

| thetlzed dogs were placed on extracorporeal perfusion without exogenous anti-

; coagulation at flows exceeding 8C0 mi/min. Within 45 minutes of perfusion,
blood drawn from the animal was incoaguieole {clotting time >24 hr), and within

: 3 hours following disccntinuation of perfusica, clotting time returned to

normal. Requirements for the autoanticoagulated state were.a perfused liver

and a pump in the perfusion circuit. Injections of heparin, 100 U/kg, or use
of either Tygon or latex tubing in the pevfusion circuit, did not modify the
time course of the developnent of the incoazulable state or its reversal follow- ]
ing termination of perfusion. Arterial piressure, heart rate, glucose, platelet ‘
and fibrinogen concentrations were .relatively constant (p>0.0S); cortisol,
white blood cell and neutrophil concentrations increased (p<0.05); while the
activity of Factors V, VIII and X decreased (p<0.05).

INDEX TERMS: autoanticoagulation, perZusion without anticoagulation, new
’ procedure for perfusion, extracoipcreal pzrfusiocn, substitutes for exogenous
anticoagulation, canine perfusica, imsrovad perfusion, prolonged clotting

time, endogenous anticoagulation, sidojincus reversal of incoagulability
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INTRODUCTICN

Exogenously administered anticoagulants nave long been considered essential
for successful extracorporezl perfusion of man (3,15,16,33) and experimental
animals (17,18). However, this anticoagulatvion, ordinarily obtained by
heparin administration, has been associated with adverse side-effects including
excessive loss of blood andAleakaée of fluid from surgical sites (21,33).

Examination of the problems associated with heparinization during extra-
corporeal perfusion has recently led to the development of perfusion systems
that function without the use cf exogenous anticoagulants (4,5,11-13). In
recent studies employing both vencvenous and arteriovenous perfusion systems
without exogenous anticcagulaticr, it wes cexonstrated that a progressive
prolongation of the Lee-Vhite whoie blocd clotting times (WBCT) occurred
until blood became incoagulablc (IECIY>ZW nr) after 45 minutes of perfusion
(4,5). The animals suffered no acverse acute or chronic effects after 4 to 6
hours of perfusion; nommal physiclozic status was maintained, tissue pathology
was negative; and animals were permancat healthy survivors (4,5). These studies
(4,5,11-13) demonstrate that extracorporecl perfusion can be performed utilizing
a controlled self-generating hypocoaguicble state. A better understanding of
this phenomenon may lead to improved maniagement of anticoagulation during
extracorporeal perfusion in man.

The purpose of the present study was to better define the intra- and
extracorporeal requirements of this type of extracorporeal perfusion; to
determine the stability of certain hemodynamic, metabolic, endocrinologic
and hematologic parameters during and foilowing perfusion, and to better

characterize the autoanticoagulacion pisiiomenon.
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METHODS

Experimental Groups

Experiments were conducted cn fifty adult dogs divided into four groups:
Group 1 was composed of 17 perfused animals administered no exogenous anti-
coagulant; Group 2 was comprised cf 12 dogs acministered heparin, 100 U/kg,
with six perfused and six not perfused serving as controls. Group 3 was
composed of 12 eviscerated dogs merfused without exogenous anticoagulation,
six with hepatic artéry patent and six with hepatic artery ligated. Group 4
animals (N=9) were eviscerated, endotoxin was administered, and presence or
absence of portal hypertension was used as an "in vivo'' bioassay of possible
collateral hepatic blood f£low.
Selection of Animals

Animals selected for these experiments were adult mongrel dogs of random
sex, screened for microfilsria, treated for intestinal parasites and allowed
to stabilize 3 to 4 weeks. Only animals with white blood cell concentrations
less than 21,000/mm; and hematccrits exceeding 36% were utilized in the studies.
Surgical and Perfusion Procec.rss

Intact or eviscerated {see Ualow a;:nal; fasted overnight were prepared
for extracorporeal perfusion after receiving iatravenous sodium pentobarbital,
25 mg/kg body weight. The rigat brachial artery of each dog was cannulated
to monitor mean systemic arterial pressure (MSAP) and heart rate and for
sampling of blood. The basic extracorporeal system consisted of large-bore
plastic tubing and plastic reservoir filled with saline (total volume of
system about 500 ml). The proximal encs of the first set of saline-filled
tubing (clamped with hemostats to prevent saline loss and blood reflux)

were advanced into the distal zorta via the Ieft and right femoral arteries.




The distal ends were secured below the surface of a 400-ml saline-filled
reservoir placed within a water tath meincained at 40-42°C. Saline-filled
tubing, attached to the bottcam of the reservoir, was threaded through a
roller-type pump and divided into a secord set of cannulas which were then
surgically inserted into the right and left femoral veins (these lines were
also clamped with hemostats to prevent saline loss and blood reflux). Minimal
pump occlusiveness was achieved by an adjustment of roller compression so that
flow would not occﬁr' i:hrough the pump in the preseace of a hydrostatic pressure
gradient of 30 am HZO. To initiate the perrusion, all four clamps were simul-
taneously released with the purp set at a fixed flow rate (range, 800-1200
ml/min), and screw clamps on the arterial outflow lines were agdjusted as
necessary to maintain a constant level of blood in the reservoir. The pump
flow rate was never varied, once established, during each experiment.' Ina
separate seriés, rubber (latex) tubing was substituted for plastic (Tygon),

and the reservoir was removed (see "Results'" section). .

Animals were eviscerated ¢s follows: alter midline laparatomy, the celiac,
superior and inferior mesenteric zrieries were ligated and divided between
ligatures and the following proceduse was carried out as previously described
(1,17). The intestinal tract ves coudly iligated and divided between ligatures
at the distal esophagus subdiapiregmacically and at the distal rectum. Follow-
ing ligation of the portal vein, ail azlicninal viscera except the liver
were surgically removed frem thc animal, extreme care taken to prevent loss
of blood. In half of the experiments, the hépa‘;ic artery was maintained.
patent by sectioning the celiac artery cistal to the origin of the hepatic
artery; in the other half, the celizc artery was divided near its origin at
the aorta, thus preventing flow via the hepatic artery to the liver. Since

the portal vein was ligated and secticned, the liver was without blood flow




in the latter half of the experiments. Zviscerations were completed within
30 minutes, followed by a 30-minute ecuiiiiration.period.

To confirm that hepatic tlcod fliow wes blocked by nepatic artery and
portal vein ligation, we administered encotoxin to a series of animals. If
portal pressure failed to increasc, inflow of blood to hepatic tissue would
be considered absent (17).

Prior to, and during, the perfasiori period, no animals in Groups 1, 3
and 4 received an anticoagulant of aiy kind. All catheters and pressure trans-
ducers were filled and flushed with ronheparinized saline, and new tubing
flushed thoroughly with saline was regularly employed in the perfusion circuit.

Preperfusion parameters and tliood samples were taken just prior to initiation

of perfusion following an equilibration period.
Measurements: General Procedures

The following parameters were recordsd in most experiments: mean systemic
arterial pressure (MSAP), neart rate, rectal temperature, hematocrit, blood
glucose concentration, extracorgoreal blcod flow rate, platelet and leukocyte
concentrations. Coagulation t:ssts includad modiried Lee-White whole blood
clotting time (WBCT), prothrozbin time (7)), activated partial thromboplastin
time (APTT), fibrinogen concentration, Factors V, VIII and X activities,
fibrinogen degradation preduct '(EDP) concentrations, and platelet aggrega-
tion to adenosine diphcsphate (83F) and Tirembin.

MSAP and heart rate ware meoniccraed using a four-channel Hewlett-Packard
recorder. Rectal temperature wias Sotoinod enploying a Tele-Thermometer
probe (Yellow Springs Instiument Jo., Inc., Yellow Springs, Ohio). Hematocrit
was measured with microhematccerit capillary tuoes (Dade Diagnostics, Inc.,
Miami, Fla.) spun in an Internaticnal micro-capillary centrifuge (Inter-

national Equipment Co.; Needhan Heights, Mass). Blood giucose concenirations
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were determined using a Beckman glucose znaiyzer (Beckman Instruments, Inc.,
Fullerton, CA). Blood flow was aciitcred via a calibrated roller-type pump
(Medical Specialty Co., Fort Verth, TX) with periodic comparisons using a
direct-timed volumetric procecure (see 'Methods' section, Perfusion Procedure,
for details). Platelets were counted using a method previously described (7).
White blood cell (WBC) concentraticns were obtained from a Coulter autamatic
particle counter (Coulter Electicnics, Inc., Hialeah, FL) and WBC differential
evaluations were conducted by staining blood smears with Wright's stain followed
by examination with light microscopy. Scrum cortisol was determined by radio-
immunoassay according to a published procedure (8,22).
Measurements: Coagulavion Pararsters

Prgparation of blood and plasma. BLOOE USSG .to established normal coagu-
lation control values was drawn from fasted beagle dogs from the external
jugular vein using a two-syringe technique. Blood was drawn from the experi-
rmental animal's right brachial artery via polyethylene tubing. Both control
and experimental blocd samples were anticoagulated in Falcon plastic culture
tubes using 3.8% sodium citrate (9 parts blced to 1 part anticoagulant).

Platelet-poor plasma was octained ty immediate centrifugation of citrated
wiole blood at 3000 g for 15 minutes and stored at -20°C in plastic culture
tubes until coagulation tests were pericmed. Piatelet-rich plasma used in
piatelet aggregation studics, peslionel oo thie cay of each experiment, was
preparea fran citrated x«}hole biccl oy coacrizugation at 1000 g for 60 seconds
in plastic culture tubes (Falcon,. rlatélet ccunts were performed using a
Couiter automatic particle cownter anc platclet morphology checked by phase
contrast microscopy.

MNodified Lee-White wrole blsood clovsiny time. One cubic centimeter

-

aliquots of whole blood Srawn Irom the bruchial artery were delivered




immediately into three 12x75 mm glass tuves. The tubes remained at room
temperature and the fi&st tube was tiltcc at intervals of 30 seconds until
a solid clot formed. The second and third tubes were treated similarly in
sequence. The recorded clotting time was the time required for a solid clot
to form in the third tube (25).

Prothrombin time (PT). The one-stige nrothrombin time was performed (37).
First, 0.2 ml of a tissue thrcmbeniastin (rabbit brain and lung) and CaCl2
(0.0125 M) reagent (Simplastin; Ceacral Diagnostics, Morris Plains, N.J.)
was heated to 37°C for 5 minutes in a pi ¢ test vial. Then 0.1 ml of test
plasma was added and a clotting time end »oint determined with a mechanical
device (Clotek-Hyland Labcratorics. Los Angeles, CA). The test was per-
formed in triplicate and the mean of thl three clotting times was recorded.

Activated partial thrombopiastin time (APTT). The APTT'was performed as
described by Proctor and Rapaport $4). Test plasma (0.1 ml) plus 0.1 ml of a
mixture of phospholipid emulsion from rabbit brain and micronized silica
(General Diagnostics) was incubated at 37°C for 5 minutes. Then 0.1 ml of
0.025 M CaCl2 was added and the clotting time end point determined with a
mechanical device (Clotek-Hyland Laboratories). Test samples were run in tri-
plicate and the mean result was recorded.

Fibrinogen concentration. The fiorinozen levels were determined by pro-
cedures described by Clauss (3). A cletiingtime was performed at 37°C by
adding 0.1 ml of thrempin (bovine, 130 U/xi; Dade Diagnostics) to 0.2 ml test
plasma (diluted 1:10 with barbital-vuficred saline). A standard curve was

made using a commercially preparec Ifitringgen solution (Data-Fi; Dade Diag-
nostics) diiuted with barbital-tulicred saline. Clotting times were performed
in duplicate and the mean valuc wes usoe o determine the fibrinogen concentra-

tion from the standard curve.
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Platelet aggregation. Citrated platelet-rich plasma (PRP) was stirred

in a cuvette and transmittance o incident light, relative to a platelet-

poor plasma (PPP) blank prepared from tie same blood sample, was recorded
using a Chronolog aggregometer (Chronolcg, havertown, PA). Aggregating agents,
adenosine diphosphate (ADP) (Sigma Chemical Co., St. Louis, MO) and topical
bovine thrombin (Parke-Davis & Co., Detroit, Mich.) were added to the PRP

in final concentrations appropriate' to produce reversible and irreversible
aggregation. Increases in transmittance were used as an index of platelet
aggregation (6,31).

Factor assays (V, VIII, X). A mcdified one-stage prothrombin time was
used to measure Factor V (25 ond Facter X {2) using human factor-deficient
plasma (George King Bio-Medical, Overland Park, KSj. A modified activated
partial thromboplastin time was utilized to measure Factor VIII (24) levels
using human factor VIII-deficient plasma {Ceorge King Bio-Medical). A standard
curve was constructed using normal pociec citrated canine plasma and the factor-
deficient plasma. Taree cilutions cf the test sample were assayed and a mean
value was expressed as a percent of normal activity.

Pibrinogen degradation products (FDP). Fibrinogen degradation products
were ascertained using the Thrombo-Wellcctest rapid latex test (Wellcome
Research Laboratories, 3eckennam, England). Aatisera to purified human fibrin-
ogen fragments D aand E coat the latex particles, and FDPs in test
serum cause the latex particles to ciump. Serial dilutions of the test serum
were then used to give seniswmticctive Tesuits. The human antisera Cross-

react with canine FoPs zliciin, an csuirave of levels to be made in comparison

>

to normal (27,29).
Data Anclyeis

Data were analyzed using o suoconc i test. Only values of less

o

than 0.05 were considered statistically sijnizicant.
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RESULTS

Table 1 describes varicus résuonses of & total of 11 animals to 3 hours
of extracorporeal perfusion without cxcgenously administered anticoagulant,
followed by 3 hours of recovery after cessation of perfusion. Lee-White
whole blood clotting time increased from a control of 4 minutes to 21 minutes
after 30 minutes of perfusion, and by 45 minutes blood removed for Lee-White
clotting procedures failed to clot for a period greater than 24 hours (termed
"infinite‘clotting time'"). Following cessation of perfusion, clotting time
retﬁrned to normal within 3 hours. . Mean systemic arterial pressure (MSAP),
heart rate, blood glucose, fibrirozen and nlatelet concentrations, prothrombin
times, and rectal temjeratures (., were rolatively constant during both
3 hours of perfusion and 3 hours cf reccovery, indicative of the stability of
the preparation.

Striking changes indicated in Tebic 1 were seen in the following parameters .
Cortisol conéentrations increased curing toth perfusion and post-perfusion periods
(p<0.05), while white blocd ceil and neutrophil concentrations rose signifi-
cantly during the post-perfusicn period. Activities of Factors V, VIII and X
fell markedly during perfusion (p<0.05) but were insignificantly different
from control values 3 hours after discontinuation of perfusion. The PT and
PTT increased during perfusicn in all animals; however, the changes failed
to reach statistical significance cdue to the variability of the response.

Table 2 illustrates the efrfects of extracorporeal perfusion without
exogenous anticoagulation on the apility of the platelets to aggregate and on
the production of fibrincgen desradaticn products (FDP) in six of the dogs
included in Tabie 1. OCa the averald, dicrecsea sensitivity to platelet aggre-
gation induced by AP or tiramnin was seon curing the 3-hour period of perfu-

sion, while at terminaticn of the vecovery period (sixth hour), aggregation




was returning toward the rommicl (centrol;. FD? levels during and following

pp—s

perfusion ranged from negative at five wllucions to a maximum of positive

up to eighty dilutions.
The roles of both "'extraccrporeal' and ''intracorporeal'' components in
the development of incoagulzbility are siummarized in Table 3. Both Tygon
(plastic) and latex (rubber) tubing or the presence of a reservoir had no '
effect on the development of '"infinite clotting time', which was achieved in
both instances by 45 minutes with or without a reservoir. Parallel experiments
- demonstrated that incoagulébility of the blood in the absence of a reservoir
could be obtained with as little as 33 inches total length of perfusion tubing
with a volume of 45 mi; however, tié presence of a pump was a requirement.
Table 3 shows that recovery characteristics are essentially identical with
; latex or Tygon tubiﬁg, each requiring’ I hours following perfusion for return
of clotting times to normal. All 11 animals recoved quickly and were euthan-
ized 7 days after experimentation.

The evisceration studies with and without the hepatic artery ligated
demonstrated that a functioning liver was required for the development of
"infinite clotting time', but the remainder of the abdominal viscera was not
necessary. Clotting time rose siightly, from 5 to 14 minutes in eviscerated

dogs with hepatic artery ligation, but tic subsequent pattern of autoanti-

coagulation after 30 minutes cccurred only in those animals with the hepatic
artery patent. In two of the studies in which the hepatic artery was ligated,
clots were observed in the perfusion circuit, One of these animals died
during the perfusion.

Data in Figure 1 suggest, howsver, that nepatic artery patency in

eviscerated dogs does not infiuence MSAY and wiite blood cell and platelet
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concentrations. MSAP fell gradually during nerfusion; WBC concentrations
fell early but returned to normal ziter I hours of perfusion, rising sharply
above control during the 2-hour rccovery period; and platelet concentrations
showed a similar early trend, but otherwise remained relatively constant
(range, 150-250,000/mn°).

To confirm that hepatic biocd flcw was completely blocked in the evis-
cerated dogs with both hepatic artery and pqrtal vein ligations, a series
was conducted using endotoxin as a test substahce: Table 4 shows that a
patent hepatic artery is essential for the development of portal hypertension
after endotoﬁn. These experiments, therefore, provided reasonable assurance
that hepatic artery and portal vein liga:icﬁs in eviscerated dogs prevented
blood from entering the liver, thus effectively removing it from the circula-
tion. .

Studies were conducted to cetermine if a low dose of heparin, administered
prior to extracorporeal perfusion, wculc modify the autoanticoagulatory pattern
illustrated in Table 1. Figure 2 provides data comparing three types of
experimental maneuvers: ncn-perfused dogs given 100 U/kg heparin intravenously,
perfused anlmals admlnlstered the same dosage, and perfused animals receiving
no heparin.

Several significant observaticins emerged from these studies: (g) during
the first 15 minutes of extracorporeal perfusion, both perfused groups demon-
strated depressed clotting times ccompared to the non-perfused control (p<0.05);
(b) by 45 minutes, blood became incoagulable in both perfused groups, while
clotting time was decayinz in the nengerfused animals; and (e) prior heparin-
ization at low dosages is withcut influence on the pattern and rate of develop-

rent of the incoagulabie state
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DISCUSSION - | ’

This laboratory has develcrad wi cxtracorporeal perfusion system which
functions successfully withcut the alditicn of an anticoagulant (4,5). During
perfusion a hypocoagulable state is induced. No adverse effects on dogs sub-
jected to 4 to 6 hours of periusion Lave been noted, tissue pathology is nega-
tive, and animals are permanent hezlthy survivors.

The purpose of the present study was to advance our understanding of this
unique perfusion procedure by ideatifying extra- and intracorporeal require-

ments; reaffirming the physiologic stability of the preparation; and further

defining the nature of the hypocoagulable state.
Extra- and Intracorporeal Requirements

We have previously reported a procedural requirement that the tubing be
saline-filled at the onset of perfusion and that blood flow rates in the extra-
corporeal system be maintained in excess of 400 ml/min (4,5). A major require-
ment of the perfusion apparatus was identified in this study. A pump was found
to be necessary for fhe attainment of successiul perfusion in the absence of
an anticoagulant. Attempts to susizin a stable extracorporeal perfusion
system without a pump in the perfusion circuit failed as evidenced by the preci-

pitation of intravascular coagulaticn and death. The particular pump success-

fully employed in our- studies is reiatively atraumatic to the erythrocytes

since there is no visible hemolysis after 6 hours of perfusion. Sublethal

injuries precipitated by pump traumz o ved and white blood cells and plate-

lets undoubtedly ocaur, however, wiidh wugul OACTl vubile eilects v veilular
function (39).

The type of tubing was not found ts be a requirement for the development
of crtended clotting tines in the present study since both latex (rubber) and
Tygon (plastic) tubing used in the systen proauced similar patterns of

incouguliabilicy.
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Since activation of the coagulation system might be another requirement
for the promotion of the hyzocoaguiable state, neparin was given at the onset
of perfusion. From these studizs we observed that low doses of heparin (100
U/kg) given prior to perfusion (maximm clotting time <100 min) had no influence
on the attainment of "infinite clotting times" (>24 hr) by 45 minutes of perfu-
sion. However, it was noted that the clotting time rose less rapidly in per-
fused animals following this dcse of heparin than in non-perfused controls
given a similar dose of heparin (p<3.05). This observation suggests that there
is an early (ls'min) hypercoagulable state, or heparin-resistant state, in the
perfused animals. Another explanation, however, is that the concentration of
heparin in the blocd of perfused animals is decreased due to hemodilution by
the saline in the extracorporeal system. The small changes in hematocrit after
perfusion, however, indicate that the hemodilution is not great. In any event,
this dosage of heparin did not interfere with, or accelerate, the development
of the incoagulable state, although its employment might make it possible to
use this procedure in husans by insuring that intravascular coagulation would not
occur prior to the development of incosgulability.

Intracorporeal requirements were studied to determine essential organ
systems influential in the develcpment of autoanticoagulation. It was observed
that a perfused liver was regquirel for th2 development of the incoagulable
state. Furthermore, if hepatic purfusion was nresent, all other abdominal
visceral organs did not appear to Le nccessiry in the development of, or
recovery from, the hypocoagulavie state. Tue rcle of the liver is not qown;
possibilities are that it is essential for the production of an intermediate
factor which contributes to the develcpment of incoagulability, or that it

may be necessary for the remcval of procoaguiants.
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Stability of Preparation

Consistent with data previously reported by our laboratory (4,5), animals
in this study tolerated the extracorporeal perfusion without added heparin.
The stability of the preparation is indicated by the relatively unchanging
levels of mean arterial pressure, heart rzte, blood glucose, fibrinogen and
platelet concentrations. We belicve the system exerts a mild stress on the
animal since plasma cortisol conccniraticns increased during perfusion and
subsequent elevations in whi‘;e tlcod cell and neutrophil concentrations
ocmrréd during the recovery perisd. As previously reported (4), all non-
eviscerated animal; perfused on cur systen were permanent healthy survivors.
Characteriz :tion of the Autoaniicccgulatsd State

Previous invéstigators have nerfused dogs on extracorporeal systems
containing blood oxygenators without administering heparin (11-13,32). In
these earlier studies, the fibrinogen level (11-13,32) and platelet count
(11,13) decreased and the PT, PTT, FDP (11-13) and WBCT (11,12) increased.
These changes in the coagulation tests are also reported during disseminated
intravascular coaguiation (28] with an associated activation of the fibrinolytic
system (10).

Our group has reported that dogs perfused using an arteriovenous extra-
corporeal system with no oxygenator prescnt in the circuit developed WBCT
values greater tlm 24 hours (4,5). This autoanticoagulated state has been
further characterized in the cwrrent study. Dogs perfused on our extra-
corporeal system without heparin administration developed a progressive
increase in the whole blocd cletiing tinm: associated with decreases in

Factors V, VIII and X activities. The plotelet and {ibrinogen levels re-

mained relatively stable.
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Why is the blood in this system incoagulable? One theory is that the
animal is experiencing disseminated intravascular coagulation (DIC). Decreases
in Factors V, VIII and X activities similar to those observed in this study
have been reported by some investigators after cardiopulmonary bypass performed
with heparin administration in man (21) and associated with DIC in man (28)
and the dog (14). However, the platelet and fibrinogen concentrations which
usually decrease during intravascular coagulation (14,28) did not significantly
change in the present stucdy, s'uggestir.g' that another process (besides DIC)
may be responsible for the state of autoanticoagulation.

The elevations of FDP values observed during our perfusion indicate
that the fibrinolytic system is activated (i0). It is unlikely, however,
that this is the primary cause of the incoagulability. Good hemostasis was
maintained at surgical sites throughout the study. In addition, the expected
decrease in fibrinbgen levels reported ;s'hen £ibrinolysis produces a hypo-
coagulable state (10,23) was not observed in our study. The levels of
fibrinogen in our system, however, might not reflect the degree of fibrino-
lysis if fibrinogen production were accelerated.

A phenomenon which may have contribuced to the prolongation of the whole
blood clotting time was a change in the reactivity of the platelets. Platelet
sensitivity to ADP and thrombin-induced aggregation decreased during perfusion
in our experiments. Previous workers have also noted a decrease in ADP-
induced aggregation after cardicpulicnary bypass, but the reason is not under-
stood (21).

We have discovered that 2 plasznc iniibitor is génerated dur‘mél the perfusion

(see companion paper by Murphy ¢t 2l., vol. 34). Fibrinogen degradation product
concentrations (23). and endogenous nhcpurin (19,20) are inhibitors which have

been found in dog plasma in certain experimental situations and either could
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theoretically be the major causc of the state of autoanticoagulation produced
with our perfusion system. However, the inhibitor we have discovered has
heparin-like characteristics in that it accelerates the inhibition of thrombin |
and Factor Xa by antithrambin III, is heat-stable, and is adsorbed from plasma
with BaSO4 (see companien paper, 30).

The inhibitor with heparin-like activity produced in this extracorporeal
perfusion system without exogenous anticoagulation is described further in a
companion paper (30). Heparin is known to prolong whole blood clotting time and
PT and PIT values, inhibit tbré:nbin- and nossibly ADP-induced platelet aggre-
gation (38), and at high levels L:atarin ray interfere with the clotting assays
used to measure Factors V, VIII and X. Consecuently, the elaboration of a
heparin-like substance would seen o expliain many of the findings in the present

study.
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TABLE 1.

o

T

Response of intact dogs to extracorporeal perfusion without exogenous anticoagulation (Group 1)

Time (@in)}———"——+ ————e-—
Perfusion
ﬂ Perfusion— _ - discontinued
Paramcter N 02 15 30 45 60 90 120 180 240 300 360
Lee-White whole blood 4.3 9.9 21.2 © © o © o 68.5 19.7 5.4
clotting time (min) 11 (0.3) - (0.9)* (1.6)* * * * * * 0.1)* (@Q.4)* (0.7)
MSAP (mmHg) 11 139 133 127 126 124 124 126 131 137 131 126
. Q)] ©* @« @G )+ (M*x (6 (9 3 ®* @
Heart rate (/min) 1 158 186 177 178 172 172 177 167 146 170 175
(1) M+ @M+ (©)* (6) ® © - (6 (€)] 1))
Hematocrit (vol $) 11 40.4 37.7 37.6 37.5 38.4 38,7 39.3 37.7 37.5 38.5  39.0
a.2) @.3»* @.6)* (@.59* @1.6)* (1.7) (@@.5) (1.3)* @Q.0* (1.0)* (0.9)°
Rectal teapovature (°C) il 38.6 38.5 38.4 38.5 38.5 38.5 38.6  38.7  39.3  39.6 39.7
, (0.2) (0.2) (0.2) (0.1) (0.1) (0.1) (0.1) (0.1) (0.2)* (0.2)% (0.7)"
Extracorporeal blood g4 873 867 863 864 80 875
flow (ml/min) 11 (78)  (7) (78 (790 (78)  (80)  (8V)
Blood glucosc (mg/dl) 11 121 121 121 120 126 122 120 117 118 113 115
(2) (2) 3) 3) 3) (4) 3) 3) (2) 3) 4)
Serum cortisol (mg/ml) 8 154 209 206 235 249 254 198
(42)  (40)* (29) L26)% (3% @n* (33)
Total WBC (/rm”) 11 10363 6127 8936 13909 17800 21173
(1190) (750)* (1332) (2093)* (2610)* (2919)*
Mature_ncutrophils 6817 4406 7114 11359 14880 18024
(/rn3) 10 (1041) (696)* (1409) (2315)* (2830)* (3207)*
Immature neutrophils 58 308 615 1179 1676 2051
(/mm3) 10 29) (159) (235)* (400)* (477)* (468)*
i T A y———




Jle 1 (continued,

0 15 30 60 90 120 180 240 300 360
Fibrinogen (mg/d1) 6 340 358 338 330 375
(64) (76) (58) (49) (58)
Platelets (x103/mr) 10 211.2  184.4 197.8 183.1  169.0 182.7
. (29.8) (20.8) (20.9) (21.1) (15.4)* (20.7)
Factor VIII (% activity) 6 101.7 32.7 24,2 14.2 75.5
(1.1) (20.3)* (8.9)* (8.3)* (20.2)
Factor V (% activity) 6 99.8 55.4 66.5 64.8 108.8
(1.1) (Q2.7)* (18.2) : (17.0) (28.0)
Factor X (% activity) 6 99.7 48.4 43.2 40.2 82.8
(1.0) (13.8)* (7.1)* (11.3)* (16.5
Protlnombin time (sec) 6 7.4 9.6 : 11.1 8.6 .5
(0.49) @Q.% (z.1) (0.7) (0.%)
Activated prartial .
thromboplastin time 20.3 73.0 107.0 72.9 24.7
(sec) 6 (1.0) . (18.6)* (35.9) (35.8) . (2.0)
alues arc mean(:SE). o = no visible clotting during 24 hours. . *p<0.05, pdired comparison to 0 timc valu..

ssurcments taken prior to beginning perfusion.
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Animal No.

TABLE 4. Effect of LD
dogs with and without patent aepatic artery* (Group 4)

endotcyan cn

Pre-endotoxin

A s
PIOBRRECSS

vein pressure in eviscerated

Post-endotoxin®

135
125
135
150

L 72 B S R )

160
155
155
160
155

[ B T I U

MSAP?

~
-

ne

Sertes 1

L)

N A >

Series &:

S~ L

MSAP

Hepatie Artery Patent

90
135
125
140

Heaptie Artery Ligated

165
105
155
160
155

VP

18
15
21
16

[T 7 B SR VLR M

“maximm change in portal vein pressure, i5-30 min post-endotoxin
bMSAP = mean systemic arterial pressure (madg)
©pyP = portal vein pressure (Tmig)

*Portal vein ligated in both instances, with all abdominal viscera excluding
liver surgically removed.
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